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Abstract: Soybean-based food products are a major source of protein. In the present study, proteins in
soybean milk from seeds of the cultivar Bunya (Glycine max) were extracted using the cheesecloth
and the centrifuge methods. The milk was produced through mechanical crushing of both whole
and split seeds in water. Following separation by either the cheesecloth or centrifuge, proteins were
isolated from the soybean milk by using thiourea/urea solubilisation and then separated them
using two-dimensional polyacrylamide gel electrophoresis. The isolated proteins were identified
by mass spectrometry. A total of 97 spots were identified including 49 that displayed different
abundances. Of the two separation techniques, centrifuge separation gave higher protein extraction
and more intense protein spots than cheesecloth separation. Eleven of the β-subunits of β-conglycinin,
three of the α-subunits of β-conglycinin, and four of the mutant glycinin showed different levels of
abundances between separation techniques, which might be related to subsequent cheese quality.
Notably, split-seed soybean milk has less allergenic proteins with four α-subunits of β-conglycinin
compared to whole-seed milk with eight of those proteins. The sensory evaluation showed that
the cheese produced from split-soybean milk received higher consumer preferences compared to
that of whole seed, which could be explained by their proteomic differences. The demonstrated
reference map for whole and split-seed soybean milk could be further utilized in the research related
to soybean cheesemaking.
Keywords: soybean (Glycine max); protein isolation; two-dimensional gel electrophoresis; cheesecloth
separation; centrifuge separation; cheese production
1. Introduction
Soybeans (Glycine max) are a significant source of nutrition for humans and animals. They consist
of 40% proteins and 20% oil, including several minerals and vitamins [1]. In Australia, soybeans
have been grown as a commercial crop since the 1950s. Soybeans are an important part of Australia’s
$2.5 billion oilseed industry and the proteins derived from soy are used in food products such as
meals, drinks, and sports beverages. The Australian market offers three types of soy beverages:
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Asian soybean drinks made with water, beverages made using whole soybean extract mixed with sugar,
and drinks made from isolated soy protein added to vegetable oils, minerals, vitamins, and flavors [2].
Soybeans are, therefore, an integral part of Australian food markets.
Soybeans are versatile and can be used for their health benefits and material-enhancement
properties. For example, the addition of soy proteins to food decreases cholesterol levels, and, thereby,
lowers the risk of cardiovascular disease [3]. Soybean flakes are an excellent aggregate agent for
spinning textile fibres after isolating the oils [4].
There are four main types of soybean proteins: 2S, 7S, 11S, and 15S. Seeds of the soybean mostly
contain storage proteins such as β-Conglycinin, along with glycinin, which makes up 70–80% of
the total protein content. β-Conglycinin is composed of three subunits: the α-subunit, α′-subunit,
and β-subunit [5,6]. The remaining 20–30% of proteins include cytochrome c, β-amylase, lipoxygenase,
lectin, trypsin, urease, together with inhibitor of Kunitz trypsin (KTI), and an inhibitor of Bowman-Birk
(BBI) of chymotrypsin [7].
The two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) technique was used to
separate diverse globulin proteins, anti-nutritional proteins, and allergens from soybean seeds [8].
Liquid chromatography-mass spectrometry (LC-MS) is also a powerful method for identifying and
characterising protein profiles that could be applied to the soybean. Recent studies that aimed to
identify soybean proteins focused on the proteomic analysis of soybean seed proteins and comparing
different protein solubilisation methods [9]. For example, research by Natarajan [10] successfully
isolated and identified proteins from the soybean embryonic axis. An earlier study successfully
extracted and characterised low abundance proteins from soybean seed powder by using different
concentrations of isopropanol and analysis by 1D-PAGE and 2D-PAGE [11]. The proteins from soybean
samples were extracted via different solubilisation methods, isoelectric precipitation enzymatic extracts,
ultrafiltration, electrodialysis, precipitation, and supercritical carbon dioxide extraction and alkaline
gradient extraction [12–14]. The protein structure was changed by different factors such as extraction
techniques, temperature, pH, and ion strength as well as reactions with other components like different
proteins, saccharides, or lipids [15,16]. A study by Hojilla [16] found that ultrafiltration followed by
diafiltration (UF-DF) of soybean proteins extracted significantly higher values on the solubility and
surface hydrophobicity index than did acid-precipitation. Heat treatment affects the extractability of
soybean proteins. Crude proteins, which range from 4.52% to 4.84% and come from five different
cultivars, were extracted by grinding soybean in the Soymimax machine [17].
Soybean milk was concentrated via a combination of microfiltration and ultrafiltration to produce
a soft cheese-like product [18]. In another study, soybean milk was extracted from split-seed with
boiled water for 15 min and then filtered through eight layers of cheesecloth [19]. For our present
study, since the soybean milk will be used to make cheese, the extraction of proteins by a chemical-free
water extraction process is required. Keeping this in mind, both whole and split soybean cultivar
Bunya seeds were used. So far, no protein reference map has been reported for split-seed or whole-seed
soybean milk. Therefore, the present study compared two different separation techniques - cheesecloth
and centrifuge - for extraction of proteins from both split and whole-seed milk. The analysis of proteins
in the soybean seed milk was carried out using 2D-PAGE gels, which is followed by LC-MS/MS for
protein identification. This study determines the influence of the separation technique on whole-seed
and-seed split soybean milk protein content on the process of cheesemaking.
2. Results and Discussion
2.1. Comprehensive Protein Profile of Soybean Milk
In the present study, protein extraction from whole soybean seed with seed coats (hulls) and split
soybean seeds without seed coat were compared using the cheesecloth and centrifuge methods (Figure 1).
The total protein concentration and numbers of protein spots identified by a 2D-PAGE in soybean milk
under each condition are shown in Table 1. Both the total protein concentration and total protein spots
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in centrifugal separation were higher than in cheesecloth separation. Similarly, the whole-seed milk
demonstrated higher protein content and total number of protein spots than split-seed milk.
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Table 1. List of the total protein concentration and numbers of protein spots detected by PDQuest
software from two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) of soybean milk of
each condition.
Type of Soybean
Seeds to Make Milk Separation Method
Total Protein (g/100 mL)
Mean ± SD (n = 3)
Spots Numbers
Mean ± SD (n = 3)
Split cheesecloth 2.03 ± 0.15 73 ± 1.70
Split centrifuge 2.56 ± 1.00 80 ± 1.50
Whole cheesecloth 2.60 ± 0.10 81 ± 1.52
Whole centrifuge 2.97 ± 0.05 93 ± 0.50
SD = standard deviation. Number of replicates (n = 3).
A high-resolution image of the extractability of the soybean milk proteins pattern is presented in
Figure 2. The results showed that the 2D-PAGE was an efficient approach to investigate the differential
abundance of soybean milk. Using PDQuest analysis software with a standard spot number (SSP),
the quantity of each spot and standard deviation was calculated, as seen in Table 2. A total of 97 unique
protein spots were revealed in the 12 gels, and 49 protein spots had different abundance levels or
different protein quantities between the samples.
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Table 2. Quantitative list of differentially abundant protein spots with respect to extractability in the
soybean milk made from different sample types and separation methods. The spots are significantly
different (p < 0.05) at PDQuest Bio-Rad.
Split-Soybean Milk Whole-Soybean Milk
Cheesecloth Centrifuge Cheesecloth Centrifuge
Spot No SSP Mean ± SD (n = 3) Mean ± SD (n = 3) Mean ± SD (n = 3) Mean ± SD (n = 3)
1 2701 207.91 ± 1.00 279.66 ± 0.20 136.77 ± 0.93 236.62 ± 0.61
2 2706 1275.11 ± 1.00 1539.53 ± 2.05 70.51 ± 0.61 403.36 ± 0.75
3 3704 226.53 ± 1.03 620.87 ± 0.56 207.06 ± 0.52 446.47 ± 1.42
4 4501 72.46 ± 0.18 150.61 ± 0.54 69.47 ± 0.56 60.13 ± 0.14
5 4502 136.92 ± 0.61 188.12 ± 0.99 115.00 ± 0.58 90.60 ± 0.54
6 4503 185.06 ± 0.25 334.73 ± 0.17 122.41 ± 0.38 58.98 ± 0.05
7 4507 181.52 ± 0.51 648.99 ± 4.93 59.93 ± 0.14 178.55 ± 0.50
8 5509 573.21 ± 0.19 694.61 ± 0.60 253.94 ± 0.57 57.89 ± 0.10
9 5510 111.06 ± 0.56 257.23 ± 0.21 50.55 ± 0.49 81.47 ± 0.43
10 5507 185.45 ± 0.40 266.56 ± 0.47 20.03 ± 0.61 34.26 ± 1.74
11 2707 20.40 ± 0.01 177.26 ± 0.54 25.81 ± 0.56 132.56 ± 1.00
12 2704 58.40 ± 0.01 ND 137.48 ± 0.59 ND
13 2601 43.20 ± 1.16 ND ND ND
14 3601 81.29 ± 0.58 38.97 ± 0.57 ND ND
15 3603 73.72 ± 0.02 69.60 ± 0.43 ND ND
16 3602 31.74 ± 1.74 24.20 ± 0.56 ND ND
17 6503 115.94 ± 0.97 144.84 ± 0.56 44.06 ± 1.02 126.23 ± 1.08
18 6504 245.25 ± 0.99 304.51 ± 1.15 97.22 ± 0.59 152.83 ± 0.57
19 5703 ND 85.52 ± 0.05 ND 21.72 ± 0.62
20 5704 60.31 ± 0.01 98.30 ± 0.05 ND 112.29 ± 0.05
21 5701 ND 284.05 ± 0.60 ND 58.51 ± 0.05
22 5702 ND 171.01 ± 0.58 ND 80.54 ± 0.01
23 5705 85.42 ± 0.01 263.02 ± 0.58 38.40 ± 0.05 84.06 ± 0.57
24 5706 49.85 ± 0.44 137.67 ± 0.01 ND 28.25 ± 0.57
25 4508 ND ND 20.40 ± 0.01 30.06 ± 1.02
26 4504 ND ND 38.48 ± 0.59 77.38 ± 0.60
27 4501 ND ND 26.54 ± 0.58 41.96 ± 0.91
28 6506 ND ND 18.80 ± 0.21 49.43 ± 0.58
29 6507 ND ND 21.43 ± 0.57 47.36 ± 0.01
30 6508 ND ND 20.50 ± 0.63 39.69 ± 0.27
31 3501 ND ND 202.99 ± 0.56 102.19 ± 0.57
32 3404 ND ND 89.65 ± 0.05 77.24 ± 0.22
33 3502 ND ND 75.21 ± 0.57 47.53 ± 0.57
34 3402 163.15 ± 0.15 41.74 ± 0.56 287.28 ± 1.15 44.96 ± 0.59
35 2302 526.88 ± 0.58 17.55 ± 0.28 ND ND
36 2308 661.08 ± 0.87 75.98 ± 0.01 200.21 ± 0.37 184.68 ± 0.68
37 2309 393.39 ± 0.35 42.43 ± 0.49 320.79 ± 0.29 97.55 ± 0.07
38 3309 1408.00 ± 1.15 151.47 ± 0.56 657.14 ± 0.14 183.00 ± 1.12
39 3308 997.10 ± 0.57 231.30 ± 1.61 828.98 ± 0.57 668.05 ± 0.04
40 3306 66.04 ± 0.60 109.10 ± 0.58 93.06 ± 0.02 150.44 ± 0.58
41 3305 25.56 ± 0.05 132.41 ± 0.58 44.71 ± 0.35 140.45 ± 0.04
42 2301 551.87 ± 0.58 667.58 ± 0.72 691.18 ± 0.59 959.22 ± 0.02
43 2207 23.44 ± 0.01 82.64 ± 0.58 45.44 ± 0.05 86.03 ± 0.58
44 6302 68.52 ± 0.02 195.52 ± 0.05 40.93 ± 0.58 156.74 ± 0.58
45 6301 31.26 ± 0.56 169.77 ± 0.37 20.87 ± 0.67 31.10 ± 0.55
46 7301 731.75 ± 0.57 838.44 ± 0.57 497.53 ± 0.55 1123.50 ± 0.62
47 7208 486.16 ± 0.57 690.42 ± 0.01 24.18 ± 0.34 751.49 ± 0.57
48 2304 ND ND 235.98 ± 0.58 364.00 ± 0.61
49 3302 ND ND 59.61 ± 0.01 88.25 ± 0.49
SSP = standard spot number. SD = standard deviation. Number of replicates (n = 3). ND = not detected.
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soybean seeds with a different processing profile of the cultivar Bunya of soybean seeds, as shown by
2-D gel electrophoresis.
Protein spots appeared in three specific positions of the gels (Figures 2–4). Some protein spots
had similar molecular weights but different isoelectric point (PI) values. These spots might be isoforms
obtained from different genes of a multigene family [10]. Several protein spots identified in the whole
and split-seed soybean milk separated by centrifuge were notably absent in the milk processed by
cheesecloth and vice versa (Tables 3 and 4).
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are studied.
The separation techniques clearly impacted protein extractability, and this could further influence
the total protein concentration and processing of soybean cheeses (Tables 5 and 6). The NCBI database
accession number of the best match, molecular weight, isoelectric point, percentage sequence coverage,
MOWSE score, and matched peptides are displayed in Table 7. In this investigation, 49 proteins
were successfully identified in the split-seed and whole-seed soybean milk of which 26 proteins
belonged to β-conglycinin and 12 proteins belonged to glycinin proteins. The two main storage
proteins in soybean seed, 7S globulins as β-Conglycinin subunits, and 11S globulins are identified
through glycinin proteins. Both proteins have different fundamental properties leading to different
functional properties [20]. Glycinin was reported to precipitate faster and produce harder tofu gels
than β-Conglycinin [20]. Glycinin is composed of five subunits—G1, G2, G3, G4, and G5—among
which G1 and all G2 subunits of glycinin are allergen subunits [21]. Each subunit contains acidic
(A) and basic (B) chains linked together by disulfide bonds [22]. The G5 subunit showed one acidic
polypeptide (spot number 34, Figure 4, and Table 7). The G4 subunit showed two basic polypeptides
(spot numbers 46 and 47, Figure 4, and Table 7). The absence of G1 and G2 subunits in cultivar Bunya
observed in our study could be due to the absence of the gene(s) encoding. Additionally, split-seed
soybean milk has less allergenic proteins compared to whole-seed, which has eight of the α-subunits
of β-conglycinin. Hence, our research provided safety for consumers by eliminating the majority of
allergenic proteins in soybeans.
Soybean seeds were also found to contain 1% of a sucrose-binding protein. This protein is
responsible for binding sucrose to improve cotyledons and is similar to the vicilin-like protein in lupin
seeds [23,24].
The various protein spots in gels from cheesecloth and centrifuge-separated milk could correspond
to proteins modified during the extraction and separation process. The compound genome of soybeans
is expected to comprise multiple copies of many genes and different sequences of amino acids in several
isoforms. In the two separation techniques, the differences between acidic and basic polypeptide
protein spots in the split and whole soybean milk were mainly found in three regions (Figures 2–4),
particularly in the pH range of 4–7.
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Table 3. Proteins extractability in soybean milk as affected by separation.






Higher Level of Abundance in
Cheesecloth Separation *
Present Only in a
Centrifuge






12 [Mutant glycinin A3B4]
13 [Uncharacterized
protein]








21, 22 [Sucrose binding
protein homolog S-64]
1–3 [α-Subunit of β-Conglycinin]
4–11, 17, 18, 24, 42 [β-Subunit of
β-Conglycinin]
20, 23 [Glyso Sucrose-binding
protein]
40, 41 [Glyso Lectin]
45 [Glyso Glycinin]
46, 47 [Glycinin G4 subunit]






12 [Mutant glycinin A3B4]
4–6, 8, 11 [β-Subunit of
β-Conglycinin]
31, 32 [α-Subunit of β-Conglycinin]
33 [Glycinin A3B4 subunit]
34 [Glyg5_SoybnGlycinin]
36–39 [Mutant glycinin Subunit
A1aB1b]








1–3, 26 [α-Subunit of
β-Conglycinin]
7, 9, 10, 17, 18, 25, 27–30, 42
[β-Subunit of β-Conglycinin]
20, 23, 49 [Glyso Sucrose-binding
protein]
40, 41 [Glyso Lectin]
45 [Glyso Glycinin]
46, 47 [Glycinin G4 subunit]
44 [Mutant glycinin A3B4]
43, 48 [Uncharacterized protein]
Note: * Higher = Spots protein presented in both conditions (cheesecloth and centrifuge separation) but the higher level of (abundance or quantity) in one condition versus other depending
on the quantity of each protein spot using PDQuest analysis software in Table 2.
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Table 4. Proteins extractability in soybean milk as affected by split and whole-seed.






Higher Level of Abundance
in Split-Seed Extraction *
Present Only in Whole-Seed
Extractions














4–10, 17, 18 [β-Subunit of
β-Conglycinin]
46, 47 [Glycinin G4 subunit]
36–39 [Mutant glycinin
Subunit A1aB1b]
25, 27–29 [β-Subunit of
β-Conglycinin]
21, 26, 30-32 [α-Subunit of
β-Conglycinin]




11, 42 [β-Subunit of β-Conglycinin]
41, 40 [Glyso Lectin]
34 [Glyg5_SoybnGlycinin]
45 [Glyso Glycinin]
















21, 22 [Sucrose binding
protein homolog S-64]
44 [Mutant glycinin A3B4]
45 [Glyso Glycinin]
25, 27–29 [β-Subunit of
β-Conglycinin]
26, 30–32 [α-Subunit of
β-Conglycinin]




42 [β-Subunit of β-Conglycinin]
20 [Glyso Sucrose-binding protein]
34 [Glyg5_SoybnGlycinin]
36–39 [Mutant glycinin Subunit
A1aB1b]
41, 40 [Glyso Lectin]
43 [Uncharacterized protein]
46, 47 [Glycinin G4 subunit]
Note: * Higher = Spots protein presented in both conditions (split and whole-seed milk extraction), but the higher level of abundance or quantity in one condition versus the other
depending on the quantity of each protein spot using PDQuest analysis software in Table 2.
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Table 5. List of the total protein concentration of soybean cheese for each condition.
Type of Soybean Seeds to Make Cheese Separation Method Total Protein (g/100 g of Cheese)Mean ± SD (n = 3)
Split cheesecloth 21.26 ± 0.11
Split centrifuge 26.80 ± 1.00
Whole cheesecloth 27.62 ± 0.02
Whole centrifuge 30.63 ± 0.20
SD = standard deviation. Number of replicates (n = 3).
Table 6. Yield and sensory analysis of soybean cheeses produce by vinegar from cultivar Bunya of
soybean seeds (Glycine max)/cow’s milk and storage at 4 ◦C for one week.
Milk SeparationMethods Yield (%) Appearance Color Flavor Texture
Overall
Acceptability
Split Cheesecloth 17.00 ± 0.70 3.66 ± 0.67 3.41 ± 0.68 3.55 ± 0.68 3.55 ± 0.57 3.76 ± 0.57
Split Centrifuge 14.25 ± 0.35 2.97 ± 0.61 2.97 ± 0.61 3.00 ± 0.69 3.20 ± 0.66 3.31 ± 0.68
Whole Cheesecloth 16.25 ± 0.33 2.60 ± 0.49 2.37 ± 0.49 2.40 ± 0.49 2.37 ± 0.49 2.60 ± 0.62
Whole Centrifuge 13.50 ± 0.70 2.43 ± 0.50 2.53 ± 0.50 2.45 ± 0.49 2.30 ± 0.46 2.77 ± 0.67
cow’s milk NSM 17.50 ± 0.70 4.17 ± 0.46 3.80 ± 0.48 3.83 ± 0.53 3.87 ± 0.57 4.07 ± 0.69
NSM: no separation method.
2.2. Influence of Separation Techniques and Seed Coat on Protein Extractability Form Soybean Milk
2.2.1. Separation Techniques
The separation techniques have a significant impact on the extractability of soybean milk proteins.
For instance, one of the mutant glycine A3B4 (spot number 12, Tables 2 and 3, Figure 3) was present in
both the whole and split-seed milk only when separated with the cheesecloth method. In contrast,
two of the sucrose binding protein homolog S-64 (spots numbers 21 and 22) and one of the Glyso
Sucrose-binding protein (spot number 19, Tables 2 and 3, Figure 3) were detected in both whole
and split-seed milk only when separated with the centrifuge method. Research by Natarajan [9]
found such protein spots in soybean seeds to have a different abundance across four different
protein extraction/solubilisation methods with urea, thiourea/urea, phenol, and trichloroacetic acid
(TCA)/acetone. However, he did not report α-Subunit of β-Conglycinin (spot number 1).
In addition, three of the α-subunits of β-conglycinin (spot numbers 1, 2, and 3, Tables 2 and 3,
Figure 3) and six of the β-subunits of β-conglycinin (spots numbers 7, 9, 10, 17, 18, and 42, Table 2,
Table 3, and Table 7, Figure 3) had a higher level of abundance in both whole and split-seed milk
with centrifuge separation than with cheesecloth separation. Similarly, two Glycinin G4 subunits
(spots numbers 46 and 47, Tables 2 and 3, Figure 4) and one uncharacterised protein (spot 43,
Tables 2 and 3, Figure 4) were detected in higher quantities in both whole and split-seed milk with
centrifugal separation than with cheesecloth separation. These results could be interpreted to mean
that centrifugal separation removed most of the non-proteinaceous components from the supernatant
(milk), which resulted in higher extractability of proteins from the soybean milk compared to that of
cheesecloth. However, some of the high molecular weight proteins could have a lower density in the
milk produced by the centrifugal method compared to cheesecloth. Hence, centrifugal separation
provides better extractability. The efficiency of separation of soybean proteins depended on its mass,
shape, and density and the speed at which a molecule moves in a centrifugal field [25].
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Table 7. MS/MS identification of differentiating proteins of the cultivar Bunya of soybean milk seeds (Glycine max). Matching has been achieved using Mascot sequence
matching software (Matrix Science) with the taxonomy set to Viridiplanate (Green Plants). The spots are significantly different (p < 0.05) at PDQuest Bio-Rad.
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46 Glycinin G4 Subunit(Glycine Max) gi|255224 63,641/5.38 9 264
VFKTHHNAVT, TLNSLTLPAL, PSEVLAHSYN,
NNNPFSFLVP, GLLWGASKLV, QATKDDLTVY
47 Glycinin G4 subunit(Glycine Max) gi|255224 63,641/5.38 7 209
FYNPKAGRIS, PKESQRRVVA, TLNSLTLPAL,
SYLKDVFRAI, PSEVLAHSYN, NNNPFSFLVP
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92 Uncharacterizedprotein (Glycine max) gi|947119133 54,647/5.30 13 274
DSGAIVTVKG, QEEENEGSNI, LSGFAPEFLK,
RFYLAGNQEQ, EAFGVNMQIV, RNLQGENEEE
93 Glycinin G4 subunit(Glycine Max) gi|255224 63,641/5.38 9 264
VFKTHHNAVT, TLNSLTLPAL, PSEVLAHSYN,
NNNPFSFLVP




























* MW/PI = Molecular weight/Isoelectric point.
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2.2.2. Seed Type (Split vs. Whole)
The presence of the seed coat was found to influence the extractability of proteins in soybean
milk. For example, three of the β-subunits of β-conglycinin subunit (spots numbers 14, 15, and 16,
Tables 2 and 4, Figure 3) and one of the uncharacterised proteins (spot number 35, Tables 2 and 4,
Figure 4) were present only in split-seed milk for both separation techniques. These observations
are in line with the conclusion of Mooney and Thelen [26] that proteins of soybean seeds were
detected as β-subunits of β-conglycinin subunits when robotic automation was used in every step
after 2-D gel electrophoresis and identification by peptide mass fingerprinting. On the other hand,
four of the α-subunits of β-conglycinin (spots numbers 26, 30–32) and four of the β-subunits of
β-conglycinin subunit (spots numbers 25, 27–29) were present only in whole-seed milk from both
separation techniques (Tables 2 and 4, Figure 3). In addition, one of the Glycinin A3B4 subunits
(spot number 33, Tables 2 and 4, Figure 3) and one of the uncharacterised proteins (spot number 48,
Tables 2 and 4, Figure 4) were identified only in whole seeds for both methods. These spots might be
different isoforms derived from different genes from the seed coat. The extractability level in both
separation methods could also be affected by the presence of seed coats. They are lower in mass and do
not catch proteins with the supernatant. As a result, these proteins are highly abundant in whole-seed
milk. These results are unlike the previous study [27] that found the lupin seed coat can affect the
separation of proteins with a centrifugal method.
Seven of the β-subunits of β-conglycinin subunit (spots numbers 4–10, Figure 3) appeared as
a chain in the gels at the same molecular weight, but with different PI values at a significantly higher
level of abundance in split-seed soybean milk than in whole-seed soybean milk. These could be
involved in phosphorylating post-translationally of a set of proteins in soybean milk [28]. This result
was similar to that of Natarajan’s [13] study, which used three types of strips—wide pH 3–10, narrow 4–7,
and 6–11—to separate proteins from soybean seeds
2.3. Evaluation of Cheese Production
The total protein concentration of soybean cheese from each method is presented in Table 5.
The total protein contents of both split-seed and whole-seed cheeses in centrifuge separation were
significantly higher than the total protein content of split and whole-seed cheese in cheesecloth
separation. Cheese produced from whole-seed milk by centrifuge had slightly better color and flavors
compared to that of cheesecloth, which is likely because there is more efficient separation of the
non-pretentious object of the seed coats in the centrifugal method.
On the other hand, yields from soybean curds were influenced by separation techniques, as shown
in Table 6. For instance, split-seed milk separated by cheesecloth yielded significantly higher curd
(p < 0.05) than by centrifuge. Furthermore, the yield from cheesecloth separation was very close to
the yield from cow’s milk. Similarly, for whole-seed milk, the yield from cheesecloth separation was
slightly higher than from centrifugal separation. Panelists appeared to appreciate split-seed cheese
from both separation techniques more than whole-seed cheeses. This might be due to the seed coat
and the external appearance of the cheese (Table 6 and Figure 5). The protein content was 21.26% in
split-seed cheese under cheesecloth filtration, which is similar to the value 21.00% reported in earlier
studies using acetic acid in the coagulation of split-seed milk. This was boiled and then filtrated
through eight layers of cheesecloth [19].
Good quality split-seed cheese is characterized by a brighter color and smooth texture. Four of
the α-Subunit of β-Conglycinin (spots numbers 26 and 30–32) were found only in whole-seed milk,
which may change the taste of the whole-seed cheese. The taste, color, and texture of whole-seed cheese
may be affected by other components in the seed coat such as dietary fiber. Dust [29] reported that seed
coat contains 83.3% total dietary fiber with a ratio of insoluble to soluble fiber of 5.0%. Four mutant
glycinin subunits (spots numbers 36–39, Table 2) demonstrated higher levels of abundance in split-seed
milk with cheesecloth separation. In contrast, eight of β-Conglycinin subunits (spots numbers 25–32,
Tables 2 and 7) were absent in split-seed milk. Therefore, these results led to the suggestion that
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split-seed cheese texture is possibly improved by a high abundance of glycinin subunits or a high
glycinin /β-Conglycinin subunits ratio. The 11S glycinin proteins/ 7S β-Conglycinin subunits ratio in
soymilk strongly affected the textural properties of tofu [30]. Glycinin precipitates faster and produces
harder tofu gels than β-Conglycinin [20]. A study by Natarajan [31], which used 2D-PAGE with three
different immobilised pH gradient (IPG) strips, found that most of the β-Subunits of β-conglycinin
were completely separated in the pH range of 3.0–10.0.
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However, the same study did not find four of the mutant glycinin subunits (spots numbers 36–39)
when using a pH gradient from 4 to 7.0 in the first dimension. β-Conglycinin proteins were identified
as a genotype in cultivars of soybeans including β-Conglycinins with two mRNA groups [31]. The first
mRNA group encodes α and α’β-conglycinin subunits. Additionally, the second mRNA group encodes
the β-subunit of β-conglycinin [32]. The main proteins in soybean seeds are conglycinin, which are
comprised of an α subunit, α’ subunit of β-conglycinin, and β-subunits of β-conglycinin [33]. Only the
α subunit of β-conglycinin is detected to be allergenic [34]. However, the major storage proteins in
the soybean milk were identified as β-subunits of β-conglycinin and Glycinin proteins with different
levels of abundances between separation techniques. These results further indicate that the protein
components play an essential role in the formation of soybean cheese.
3. Materials and Methods
3.1. Chemicals
Chemicals for electrophoresis including sodium dodecyl sulfate (SDS),
N,N,N_,N_-tetramethylethylendiamine (TEMED), ammonium persulfate, thiourea, urea, dithiothreitol
(DTT), CHAPS, glycerol, and Tris–HCl (pH 8.8) were purchased from Sigma (Willetton, WA, Australia).
IPG strips with (pH 3–10), 17-cm catalogue # 163-2009, and 40% acrylamide/bis solution ampholytes
(pH 3–10) were purchased from Bio-Rad (Gladesville, New South Wales, Australia). All chemicals
were standard reagent grade laboratory chemicals. Water fro a Sartorius reverse osmosis system
(Göttingen, Germany) was used for all solutions.
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3.2. Plant Materials and Preparation of Soybean Milk
Soybean seeds of the cultivar Bunya (Glycine max) were sourced from PB Agrifood (Wilsonton,
Queensland). The tested soybean samples were newly harvested (2019) pesticide-free seeds stored at
−20 ◦C until use.
For preparation of split seeds, the seeds were broken into halves and seed coats were removed
with mortar and pestle. Ten grams of each dry half split and whole seed were soaked separately in
water overnight with a ratio of 1:3 soybean: water at room temperature (24 ± 1 ◦C). A stainless-steel
gas-tight blender (250 mL), fitted with a screw-top lid containing a septum, was used for the grinding
of soaked samples. Ten grams of each wet split and whole seed were ground separately with 100 mL of
water maintained at a temperature of 45 ◦C. The mixes were divided into two equal parts each. One half
was separated using four layers of cheesecloth, and the other half was separated using a centrifuge
from Qingdao Xinya Aipu Electric Appliance (AIPU) at 2600× g for 5 min. The filtrates were stirred to
get the final volume of soybean milk. The preparation of the milk was done in triplicate using the
same procedure with three different lots of seeds. The workflow diagram is shown in Figure 1.
3.3. Extraction of Protein
Four types of soybean milk from cheesecloth and centrifuge were used for extracting the
proteins. The protein was precipitated by mixing 400 µl of the soybean milk with 1600 µL of ice-cold
acetone at −20 ◦C overnight. The precipitate was collected by centrifugation at 13,000× g for 10 min.
The protein pellet was dissolved in rehydration buffer (7M urea, 2M thiourea, 4% 3-[(3-cholamidopropyl)
dimethylammonio]-1-propanesulfonate (CHAPS), 65 mM DTT, and 2% IPG buffer (mixing two kinds
of acrylamide mixture, one with Immobiline having acidic buffering property and other with basic
buffering property). The samples were incubated for 4–5 h at room temperature. Lastly, the protein
concentration was determined by using reducing agent and detergent compatible (RC DC) protein
assay kit (Bio-Rad, Herculles, CA) and a Lambda 25 UV–vis spectrometer (PerkinElmer). Based on the
calibration curve, 900 µg of lupin milk protein was loaded onto IPG strips for each sample.
3.4. Two-Dimensional Gel Electrophoresis and Data Analysis
The protein was separated by iso-electric focusing (IEF) on 17 cm IPG strips with pH 3–10,
which were rehydrated with the buffer (7 M urea, 2 M thiourea, 2% CHAPS, 65 mM DTT, and 2% IPG
buffer) containing 900 µg of protein. The strips were focused at 250 V for 1 h, 1000 V for 1 h, 10,000 V for
5 h, 70,000 V for 1 h, and 500V for 48 h, at 20 ◦C using Protein Isoelectric focusing (IEF) cell (Bio-Rad).
The gel strips were incubated with equilibration buffer (50 mM Tris–HCl [pH 8.8], 6 M urea, 30%
(v/v) glycerol, 2% (w/v) SDS, and 0.002% bromophenol blue, containing 65 mM DTT) for 15 min and
another 10 min by replacing DTT with 135 mM iodoacetamide in the same buffer and, subsequently,
placed onto 12% acrylamide/bis (31.5:1) gels, using Protean II Xi cell (Bio-Rad). Strips were overlaid
with agarose sealing solution (1% agarose and 0.002% bromophenol) and running buffer consisting
of 2.5 mM Tris–Base, 19.2 mM glycine, and 0.01% SDS. The 2D-PAGE gels were visualised using the
Coomassie Brilliant Blue (CBB) staining method. Three biological replications were run three times
with individual extractions and IEF.
The gels were imaged and analyzed using PDQuest (Bio-Rad) to investigate quantitative changes
in cellular protein abundance. The protein spots from triplicate gels of each separation methods
were matched to each other and compared to an image called a ‘master gel or ‘match set standard.’
The master gel includes all the information about the spots in all gels matched. The spots that were
quantitatively and statistically significant were compared using analysis sets. The quantification of
individual spots was recognised with a unique standard spot number (SSP) that provides the location of
the spot. Statistical analysis of the data was carried out using Microsoft Excel 365, 2019. The compared
means of quantity and standard deviation (Sd) were calculated from three spots in different gels by
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International Business Machines Corporation, Statistical Product and Service Solutions (IBM SPSS)
statistics 24 version.
3.5. Identification of Protein
The protein spots were manually picked from Coomassie Brilliant Blue stained two-dimensional
gels and further analysed by mass spectrometric peptide sequencing. The spots were analysed by
Proteomics International Ltd. Pty, UWA, Perth, Australia. Protein samples were digested with trypsin
and peptides were extracted with standard techniques [35]. Peptides were analysed by LC-MS using
the Agilent 1260 infinity HPLC system coupled to an Agilent 1260 Chipcube Nanospray interface
on an Agilent 6540 mass spectrometer. Tryptic peptides were loaded onto a ProtID-Chip-150 C18
column (Agilent) and separated with a linear gradient of water/acetonitrile/0.1% formic acid (v/v).
The software Mascot (Matrix Science) with a taxonomy set to Viridiplantae (Green Plants) was used to
identify proteins. The search parameters for LC-MS/MS on the Agilent 6540 mass spectrometer were
with peptide tolerance of ±0.2. The peptide charges were set at 2+, 3+, and 4+ and 1 missed cleavage
with a significance threshold at p < 0.05. Generally, a match was accepted where two or more peptides
from the same protein were present in a protein entry in the Viridiplantae database. The peptides
have already been matched to proteins at a higher level-of-significance analysis against an alternative
database or further de novo peptide sequencing. Protein identification was completed by searching
the National Centre for Biotechnology Information (NCBI) nonredundant database using the Mascot
search engine.
3.6. Determination of Acetic Acid Volume in Vinegar
The acidity of the vinegar was determined by titrating 5 mL of vinegar and 25 mL of distilled
water with 0.1N NaOH solution and using phenolphthalein as an indicator with a pink color as
an endpoint [36]. Change in pH was measured using an Orion Dual Star pH meter.
3.7. Fermentation of Milk to Obtain Soybean Cheeses
A total of 10 L of the whole and split-seed milk were taken. Cow’s milk was used as a control.
Each 10 L was divided into equal parts. One portion of split-seed or whole-seed milk was separated
using cheesecloth, and the other fraction was separated by centrifuge. Each mixture was heated to
80 ◦C. The milk was then divided into two equal parts with each part further duplicated to 2.5 L for
each batch. Subsequently, 2% (v/v) of vinegar with titratable acidity of 7.80% (expressed as acetic
acid) was added slowly until a pH of 5, which is the isoelectric point for soybean milk/cow’s milk,
was reached. At this stage, white clouds on a yellow serum could be visualised. Each mixture of curd
and whey was poured through a sieve covered with cheesecloth for the drainage of whey. The curd
was weighed and salt (2%) was added. Then it was pressed for 10 h at 4 ◦C and packed. The workflow
diagram is shown in Figure 1.
3.8. Determination of Curd Yield of Cheese
The yield of cheese was determined by using the following equation.




X1 = Volume (mL) of soybean milk
X2 = Weight (g) of protein coagulant (soybean curd)
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3.9. Determination of Total Protein in Soybean Milk and Cheese
AOAC (2000) methods were used to estimate the protein (N × 5.7) contents (method 981.10C) [37].
3.10. Sensory Evaluation
The samples were examined at room temperature 22 ± 2 ◦C by 30 panelists including staff and
students of the department. The samples were arranged in a randomised order in plastic containers.
The panel was asked to evaluate four types of soybean cheese and cow’s milk cheese with 1-week
storage at 4 ◦C for appearance, color, flavor, and texture, using a 20-point hedonic scale (5-excellent,
4-good, 3-satisfactory, 2-less satisfactory, 1-unsatisfactory) [38]. Outcomes were statistically analysed
using SPSS Version 24 software. One-Way Analysis of Variance (ANOVA) was used to determine the
statistical differences between the sample means with the level of significance set at p < 0.05 or 0.01.
4. Conclusions
This is the first study comparing the effect of separation methods on the protein profiles of
the whole-seed and split-seed soybean milk using the proteomic tools 2D-PAGE and MS. At the
milk production stage, the centrifuge method appeared as a better option to provide higher protein
concentration than cheesecloth. However, cheese production was heavily influenced by the seed coat
that masked the influence of a separation technique, which was particularly true in the case of split
seeds. Cheese produced from the split-seed milk with a cheesecloth separation method achieved the
preference of the sensory panelists and relatively higher yield, which is speculated to be attributed to
the higher abundance of glycinin content or a high glycinin/β-Conglycinin subunits ratio. In addition,
this study showed a reduction of allergenic proteins in split-seed soybean milk compared to that
of whole-seed since, out of eight of the α-subunits of β-conglycinin detected in whole-seed milk,
only four appeared in split-seed milk. This finding indicated that, in the cheese production process,
more emphasis was given on the protein components rather than only protein content.
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